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A histometric method is used for the study of human 
skin kept in organ culture in a defined medium for up to 
10 days. The method provides quantitative, reproducible 
data on tissue survival, cell migration, and cellular dif-
ferentiation (keratinization). With this method, the be-
havior of epidermal skin tissue can be effectively moni-
tored during organ culture. As quantitative data are 
obtained, even subtle changes can be accurately dem-
onstrated, and accumulated data may be subjected to 
statistical analysis: The various applications of this 
method are pointed out. 
The skin organ culture has recently gained considerable 
interest as a useful method for investigations into skin biology, 
cutaneous pharmacology and skin diseases (1-3]. The mor-
phology of the explant is an important and convenient criterion 
to be registered during any type of experimentation, and many 
investigators have reported on the behavior of skin organ 
cultures in histological terms. 
Unfortunately, morphological evaluations have mostly been 
made using subjective, nonquantitative criteria. While in other 
fields of dermatological investigation morphometric techniques, 
such as line-sampling, planimetry and stereology have been 
used with advantage (4-6J, such methods do not seem to have 
been utiJjzed in concurrence with organ culture. In the present 
study, we describe a quantitative histometric evaluation system 
suitable for studies on human skin in organ culture. A good 
reproducibility of the method is demonstrated, and the poten-
tial applications of the method are discussed. 
MATERIALS AND METHODS 
Skin Samples 
Adult female skin was obtained from breasts excised because of 
carcinoma of the mammary gland. Donors aged 44, 65 and 67 yr were 
used. Skin samples, about 10 cm" large, were prepared immediately 
after excision of the breast and w85hed in culture medium containing 
100 1U per ml of nystatine. After removal of the subcutaneous fat, the 
macroscopically unimpaired skin was cut into pieces approJ{lmately 6 
mm·· large. Control specimens were immediately taken for histology, 
while a ll other specimens were put into organ cul ture. 
Tissue culture 
The organ culture method of Trowell (7] was used with minor 
modifications. The explants were placed on 10 x 30 mm strips of lens 
paper upon stainless steel grids in Petri dishes. Eagle's minimal essential 
medium (modified) with Earle's balanced salt solution (Flow Labora-
tories Ltd), containing 100 mgl l L·glutamine, 50 IU/ml sodium G-
penicillin, and 50 Iig/ml streptomycin sulfate was used. The medium 
was buffered by HEPES (N -2-hydroxyethylpiperazine-N-2-ethanesul-
phonic acid) , and contained no bicarbonate and no serum. Medium was 
added up to the level of explants. The Petri dishes were kept at 37°C 
in a humified 2 dm" chamber containing normal air atmosphere. The 
medium was changed every third day. The eJ{plants were cultured for 
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1, 2, 3, 5, 7 or 10 days and <I explants were analyzed for each culture 
period . Three independent experimental series were performed. 
Histological Processing 
After culture, explants were fixed in neutral buffered formaldehyde 
solution for 24 hr, dehydrated in alcohol and embedded in paraffin. A 
piece of approximately one fourth of the width of the explant was cut 
with a microtome and discarded. Thereafter, 30 serial 7 p.m sections 
were made perpendicular to the epidermal 5urface and stained with 
hematoxylin and eosin. 
His(,omel,-ic Measurements 
Every fifth section was analyzed, i.e., 6 sections per explant, making 
24 sections per culture period in each of the 3 experimental series. A 
microscope with a micrometer scale was used. A schematic illustration 
of the measurement sites is given in Fig 1, with the parameters listed 
in the legend. The histological findings are iUustrated in Fig 2. 
The section was first viewed under a low (1l2-fold) magnification 
and the width of the specimen measured. Thereafter, the relative extent 
of epidermis showing necrosis of the whole Malpighian (= basospinous) 
cell layer was calculated. The length of epidermal ceU migration, i.e., 
epibolization was measured from the edge showing greater migratory 
ability. The status of the dermal fibroblasts, hair follicles, sebaceous 
glands, and sweat glands was classified in the following scale: normal_ 
looking, degenerating or necrotic. 
The object stage of t he microscope was next moved randomly and 
the site of the section crossed by the vertical micrometer line (B in Fig 
1) was taken for further measurements under a higher (448-fold) 
magnification. T he following parameters were recorded: the height of 
the newly formed stratum corneum, the height of the vital and of the 
necrotic spinous layer and of the basal cell intersected by the microm· 
eter line, and the number of vita! granular and spinous cells intersected 
by the micrometer line. 
The presence of parakeratosis in the stratum corneum, and the 
proportion of pyknotic cells in the spinous and basal cell layers was 
recorded in a 92 fJ.m wide area along the vertical micrometer line (C ill 
Fig 1). 
Statistical Analysis 
Mean values, standard deviations and standard errors of the mean 
were cakulated for each of the parameters at each culture period, by 
using the combined data from the 3 independent experimental series. 
The statistical significance of changes recorded in the parameters was 
determined with Student's t-test. 
RESULTS 
Figures 3 and 4 are based on the combined data from the 3 
independent experimental series. Most parameters show re-
markable alterations during the incubation period, but while 
changes are seen early in some parameters, others show mea-
sUTable alterations rather late in the incubation. Thus a signifi· 
cant number of scattered pyknotic spinous cells was recorded 
already on the first day of culture, but a confluent layer of 
necrotic spinous cells was not encountered in any section until 
the 5th day (Fig 3a) .In analogy, the number of cells constituting 
the vital spinous layer decreased after the 5th day of incubation 
(Fig 36). Degeneration of the whole Malpighian layer was 
negligible until the 10th day of cul ture (Fig 3al. 
The basal cell layer was rather unimpaired during the first 5 
days of incubation. Subsequently, the number of pyknotic basal 
cells increased to a maximal value of 15%. During the flrst 5 
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FIG 1. Schematic illustration of histometric measurement sites. 
Crosshatched area indicates necrosis. a = Malpighian necrosis (percent 
of section width), e = epibolus formation (/Lm) , f = new stratum 
corneum thickness (/Lm) , g = granular cell number, h = necrotic spinous 
layer height (/Lm), i = vital spinous layer height (/Lm),j = vital spinous 
cell number, k = basal cell height (11m), I = parakeratosis, 0 = spinous 
cell pyknosis (percent of cells), gr = basal cell pyknosis (percent of 
cells) . A, B, and C refer to different areas of observation (see text). 
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FIG 2. Micrographs illustrating the histological fll1dings. a = Mal-
pighian necrosis, e = epibolus formation, f = new stratum corneum, h 
= necrotic spin,ous layer, i = vital spinous layer, a = scattered spinous 
cell pyknosis. Arrow indicates starting point of the epibolus. The newly 
formed keratinous layer was homogenous and coherent, and was either 
orthokeratotic (bottom, right) or parakeratotic (bottom, left) . The old 
keratin layer (asterisk, bottom right) was usually detached from the 
rest of the specimen, and looked weavy and partly dissoluted. In 
degenerating areas of epidermis, intraepidermal or subepidermal cleft-
ing was often seen (top right and left). 
days, a very significant increase in the average basal cell height 
was recorded (Fig 3b ). 
The granular cell number started to decrease on the 2nd day, 
and the cell layer totally disappeared by the 10th day (Fig 4a). 
This coincided with the formation of a new horny layer, sug-
gesting that keratinization continued during the culture (Fig 
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FIG 3. Time plots for parameters reflecting vi tality of the spinous 
lind basal cell compartments. Each point represents the mean value 
from the recordings of 72 histological sections, taken from 12 explants. 
The bars indicate the standard error of the mean (SEM) . Three crosses 
( xxx) denote a sta tistically very significant (p < 0.(01) change from 
control value. In the case of 2 of the parameters of this figure, and 3 of 
the parameters in Fig 4, statistics were unemployable because of zero 
control value, but distinctive changes in the parameters are evident 
from the figures. 
a .......... Pa rake lo tosis rOle( l of scclions) 
..... New sir. COf neum Ihickneu (,.,m) 
__ Granular cell number 
100 
50 
200 . 
160 
120 
BO 
40 
0 
b 
.... Epibolu5 length (JJm I 
f/f /f~ / 
..-' 
o I 2 3 10 
DAYS OF INCUBATION 
FIG 4. Time plots for parameters reflecting epidermal differentiation 
and epidermal cell migration. Derivation of data, and statistical consid-
erations as in Fig 3. 
4a). On days 1-2 of the incubation, new stratum corneum 
formation was seen in too few sections to make reliable esti-
mates on the maturity of the process, but on the 3rd day 
orthokeratosis was seen in the majority ofthe sections (Fig 4a). 
Later, parakeratosis prevailed. 
Epibolization progressed during the fIrst 3 days. Thereafter, 
the epibolus started to degenerate and was no more recogniz-
able on the 10th day . 
In the epidermal adnexal structures degenerative changes 
could be seen relatively early. At the 5th day, degenerative 
changes in the sebaceous glands, sweat glands, and hair follicles 
were registered in 62-77% of the sections, and later in every 
section. In contrast, fibroblasts showed degenerative changes in 
only 16% of the sections at day 10. 
To evaluate the reproducibility of the method, mean values 
for the parameters were also calculated separately for each of 
the 3 experimental series. A good concordance of data was 
found . This was ascertained by comparing the mean values 
with Student's t-test: no statistically significant inter-experi-
mental differences were seen in any of the parameters, at any 
incubation time, except for a deviation at days 0-3 in the values 
of 2 parameters (basal cell height and number of pyknotic basal 
cells) in one of the 3 experimental series. 
DISCUSSION 
The skin organ culture is a potentially valuable tool for the 
investigation of the effects on viable skin of nutrients, hormones 
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and many other chemical compounds, and experiments in this 
line have been reported in the literature [8-12]. To make valid 
comparisons between different experimental conditions, how-
ever, quantitative recordings are needed, and statistical pro-
cessing of the experimental results inevitably requires numeri-
cal data. With few exceptions, earlier skin organ culture reports 
have not met these requirements. 
In the present study, 11 histometric parameters were quan-
titatively recorded. To warrant a good reproducibility of the 
method, and to counteract obvious interexplant and intersec-
tion variations, 4 explants were cultured for each time point, 6 
sections analyzed from each of the explants, and a total of 3 
independent experimental series performed. The accumulated 
data reflects both tissue survival, cell migration, and cellular 
differentiation (keratinization) in the explants (Fig 3-4). 
Most earlier investigators have concluded that adult human 
skin, kept in organ culture in a defined medium without the 
addition of serum, begins to show signs of necrosis before the 
end of the first week and that the tissue hardly remains viable 
for more than 14 days [8,9,11,13]. The results of the present 
study agree with this general view, but, in addition, provides 
much more detailed information on the tissue vitality. Thus, 
the index for scattered spinous cell pyknosis was found to be 
sensitive indicator for low levels of tissue damage (Fig 3a). The 
average basal cell height, which showed highly significant al-
terations (Fig 3b) probably is another sensitive measure of 
noxious epidermal effects [6]. These parameters could prove 
useful, e.g., in assessing differences between various culture 
media, or measuring the effects of low-grade noxious agents. In 
contrast, the index for whole Malpighian necrosis and the 
necrotic spinous layer height only registered far advanced loss 
of vitality (Fig 3a). 
Parameters associated with the process of keratinization were 
also conveniently recorded (Fig 4a). The rapid decrease in the 
number of granular cells and the concomitant formation of new, 
partially parakeratotic stratum corneum agrees with the overall 
results of earlier investigators, but again, quantitative recording 
of these phenomena gives a much more illustrative view of 
them, and is the prerequisite for the accurate measurement of 
possible changes induced by any type of experimentation. 
Epibolization seems to be the only variable which has been 
subjected to quantitation in earlier publications; serum addition 
has been shown to enhance this process [1,11,14]. As the present 
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experiments were made in a defined medium, with no serum 
added, epibolization was not very prominent, though readily 
measurable. Earlier workers have ,concluded that epibolization 
is a relatively independent process, uninfluenced even by exten-
sive epidermal damage, and unrelated to cell proliferation 
[14,15]. Statistical analysis of our data confirmed this view 
(unpublished results) . 
Quantitation of tissue survival, cell migration, and differen-
tiation by this histometric method has proven to be a useful 
tool, e.g., in developing better culture methods for adult human 
skin. Results from such experiments will be the subject of later 
communications. 
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